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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the National Stage application of: Box PCT 

Allan AHO et al. 

Serial Number: New Application Group Art Unit: 

Filed: December 23, 1999 Examiner: 

For: NOVEL PLASTIC BASED COMPOSITE AND ITS USE 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents December 23, 1999 

Washington, D.C. 20231 

Sir: 

Please amend this application, prior to calculation of the 
filing fee, as follows: 
IN THE CLAIMS : 

Please amend claims 3, 4, 10 and 12-17 as follows: 

Claim 3, line 1, delete "or 2". 

Claim 4, line 1, delete "2 or 3,". 

Claim 10, line 1, change "any of the above claims" to — claim 

1 --. 

Claim 12, line 1, change "any of the above claims" to — claim 

1 --. 

Claim 13, line 1, change "any of the above claims" to -- claim 

1 

Claim 14, line 1, change "any of Claims 1 - 12" to — claim 1 



Claim 15, line 2, change "any of Claims 1 - 14" to claim 1 



New U.S. Patent Application PATENT 
PRELIMINARY AMENDMENT 

Claim 16, line 3, change "any of Claims" to -- claim 1 — ; 

line 4, delete "1 - 14". 
Claim 17, line 1, change "any of Claims 1 -" to — claim 1 — ; 

line 2, delete "14". 
IN THE ABSTRACT: 

Please add the attached Abstract of the Disclosure after the 
claims . 

REMARKS 

This Preliminary Amendment eliminates multiple dependencies 
from claims 3, 4, 10, and 12-17 and presents a new abstract based 
on the PCT abstract. Claims 1-17 are pending. 

It is not believed that any fee is required for entry and 
consideration of this Preliminary Amendment. Nevertheless, the 
Commissioner is authorized to charge our Deposit Account No. 50- 
0788 in the amount of any fee deemed necessary to effect such entry 
and consideration. 
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PATENT 



Prompt and favorable examination of this application are 
earnestly requested. 

Respectfully submitted, 



LYDON & BROWN, LLP 




Atty. Case No. TUR-087 

100 Daingerfield Road 
Suite 100 

Alexandria, VA 22314 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 

Enclosure : 

Abstract of the Disclosure 
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ABSTRACT OF THE DISCLOSURE: 

A composite intended for medical, in particular surgical or 
therapeutic use, which includes a thermoplastic component and a 
bioactive component. The thermoplastic component is plasticizable 
within the temperature range -10°C to +100°C, and is substantially 
made up of hydroxy acids or structural units derived from hydroxy 
acid derivatives, the molar mass of which is within the range 
10,000 - 1,000,000 g/mol, and which degrades in the body typically 
within a period ranging from a few days to several years, and which 
in its solid state is a mechanically strong plastic or rubbery 
material. The bioactive component is a bioactive glass, a 
bioactive xerogel, a bioactive ceramic material, coral or a coral- 
based product, or a bioactive glass ceramic material. The 
invention also relates to the use of the novel composite and to 
products made therefrom. 



; SMAIX ENTITY DECLARATION 

APPLICANT OR PATENTEE Bioxid Oy 




SERIAL NO. 09/4^6,63 0 

(Check one 



_ DOCKET NO. TUR-087 



of blocks 



1. IS filed or issued December 25, 1 999 



2. □ submitted herewith 

FOR Novel plastic based composite and its use 



I(we) hereby declare that I(we) am(are) entitled to the benefit of small entity status with respect to the above- 
identified application or patent for purposes of paying reduced fees under 35 USC 41(a) & (b) to the U.S. Patent 
and Trademark Office. 



□ A. 

□ B. 



INDEPENDENT INVENTOR 

I(we) qualify as (an) independent inventor(s) as defined in 37 CFR 1.9(c). 
INDIVIDUAL NON-INVENTOR 

I would qualify as an independent inventor as defined in 37 CFR 1.9(c) if I had made the invention. 



\±i C. SMALL BUSINESS CONCERN 

I am □ the owner S an official of the small business concern identified below and am 
empowered to act on behalf of the concern. The concern qualifies under 37 CFR 1.9(d) and 13 CFR 121.1301- 
1305. Rights under contract or law have been conveyed to and remain with the concern and are exclusive unless 
a checkmark is placed here □. All other rights belong to small entities as defined in 37 CFR 1.9. 

D D. non-profit organization 

I am an official am empowered to act on behalf of the non-profit organization identified below. The 
organization qualifies under 37 CFR 1.9(e), sub section: □ (1) □ (2) □ (3) □ (4). Rights under contract or 
law have been conveyed to and remain with the organization and are exclusive unless a checkmark is placed here 
□ . All other rights belong to small entities as defined in 37 CFR 1.9. 



I(we) acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss 
of entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)). 

I(we) declare under penalty of perjury under the laws of the United States of America that the foregoing is true and 
correct. 



A. independent inventor(s) 


B. INDIVIDUAL NON-INVENTORS 




Name 


Signature 


Date 


Name 


Signature 


Date 




Signature 


Date 



C. BUSINESS CONCERN D. NON-PROFIT ORGANIZATION 



Ko ydenpuno jankatu 2 B 5, FIN-20 500 Turku, 

Address Finland 
_ Harry Jalonen 

Signature 



Bioxid Oy 




SMALL ENTITY DECLARATION £ ^ 

APPLICANT OR patentee JVS-Polymers Oy \jk v 

SERIAL NO . 09/446,6^0 □ PATENT NO DOCKET NO. TU J 

(Check one 

l. El filed or issued December 23, 1 999 

of blocks 



2. □ SUBMITTED HEREWITH 

rdr 2) 



1 plastic based composite and its use 



(Insert Title) 

I(we) hereby declare that I(we) am(are) entitled to the benefit of small entity status with respect to the above- 
identified application or patent for purposes of paying reduced fees under 35 USC 41(a) & (b) to the U.S. Patent 
and Trademark Office. 

D A. independent inventor 

I(we) qualify as (an) independent inventor(s) as defined in 37 CFR 1.9(c). 

□ B. individual non-inventor 

I would qualify as an independent inventor as defined in 37 CFR 1.9(c) if I had made the invention. 

H C. small business concern 

I am □ the owner E an official of the small business concern identified below and am 
empowered to act on behalf of the concern. The concern qualifies under 37 CFR 1.9(d) and 13 CFR 121.1301- 
1305. Rights under contract or law have been conveyed to and remain with the concern and are exclusive unless 
a checkmark is placed here □. All other rights belong to small entities as defined in 37 CFR 1.9. 

□ D. non-profit organization 

I am an official am empowered to act on behalf of the non-profit organization identified below. The 
organization qualifies under 37 CFR 1.9(e), sub section: □ (1) □ (2) □ (3) □ (4). Rights under contract or 
law have been conveyed to and remain with the organization and are exclusive unless a checkmark is placed here 

□ . All other rights belong to small entities as defined in 37 CFR 1.9. 

I(we) acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss 
of entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)). 

I(we) declare under penalty of perjury under the laws of the United States of America that the foregoing is true and 
correct. 

A. independent inventor(s) B. individual non-inventors 



Name Signature Date 

C. BUSINESS CONCERN D. NON-PROFIT ORGANIZATION 

JVS-Polymers Qy Makipellontie 18 C, FIN-00320 Helsinki , 

Name of Concern or Organization AddressV^yC BfTn land 

N^pfe of Person Signing SpKure /f 

ChcCr^c,^ oj /fee, yq^xl , / J-3,//. /33 c j 

Title 57 rw<> 



09/446630 

410 Reed PCT7P70 2 3 DEC 1999 

PCT/FI98/00S72 



1 

NOVEL PLASTIC BASED COMPOSITE AND ITS USE 



The invention relates to a composite which contains a 
plastic-based bioactive component and is intended for 
medical, in particular surgical or therapeutic, use. 



BACKGROUND OF THE INVENTION AND STATE OF THE ART 

5 To elucidate the background of the invention and the state 
of the art, the publications used, to which reference is 
made below, are to be viewed as being incorporated into the 
description of the invention below. 

Previously known composites made up of a plastic component 
10 and a bioactive component include combinations of 
hydroxyapatite and methylmethacrylate (literature 
references (1) - (5)). 

However, a thermoplastic, plasticizable at a relatively low 
temperature, has not been used as the plastic component in 
15 the known composites mentioned above. 

OBJECT OF THE INVENTION 

The object of the invention is to provide a novel composite 
which is intended for medical use, in particular surgical 
or therapeutic use, and which contains a thermoplastic 
20 component and can be machined and molded into a piece-like, 
coherent, shock-resistant and load-resistant form. 

It is a particular object to provide a composite which can 
be plasticized at a relatively low temperature. 

It is also an object of the invention to provide a 
25 composite which is moldable for a certain period even after 
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its temperature has been lowered to a temperature below the 
setting temperature of the plastic component. 

It is a further object of the invention in particular to 
provide a composite in which the biodegradability , 
5 plasticization temperature and setting rate of the plastic 
component can be controlled separately. 

SUMMARY OF THE INVENTION 

The characteristics of the invention are given in Claim 1.. 
A composite according to the invention is characterized in 
10 that it comprises 

- a thermoplastic component, plasticizable within a 
temperature range of -10 °C. . .+100 °C, which is 
substantially made up of hydroxy acids or structural units 
derived from hydroxy acid derivatives, which has a molar 

15 mass within a range of 10,000 - 1,000,000 g/mol, and which 
degrades in the body typically within a period ranging from 
a few days to several years, and which in its solid state 
is a mechanically strong plastic or rubbery material and 

- a bioactive component, which is a bioactive glass, a bio- 
20 active xerogel, a bioactive ceramic material, or a 

bioactive glass ceramic material. 

PREFERRED EMBODIMENTS AND A DETAILED DESCRIPTION OF THE 
INVENTION 

The term "medical" is to be understood in the wide meaning 
25 of the word and thus also covers dental and veterinary 
applications . 

Bioactive component 

By the bioactive component used in the composite according 
to the present invention is meant a material which reacts 
30 in the physiological conditions of the body. The bioactive 
component may have one or more of the following properties? 
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bondable to tissues, bioresorbable, bondable/resorbable, 
releasing active agents, mineralizing, biocompatible, and 
antimicrobial. The bioactive component is a bioactive 
glass, a bioactive ceramic material-, a bioactive glass 
5 ceramic material, coral or a coral-based product, or a 

bioactive xerogel . The concept of bioactivity is discussed 
in, for example, Heikkila's doctoral dissertation (Ref. 1)= 

In a composite according to the invention, the bioactive 
component is present as particles separate one from 
10 another. The word "particle" here covers particles of 

different sizes and shapes, such as fibers, solid or porous 
pieces, rods, microparticles and glass beads. 

The bioactive glasses described in references (1) - (5) can 
be mentioned as examples of suitable bioactive glasses. 

15 Suitable bioactive ceramic materials include Ca phosphates, 
such as hydroxyapatite . 

An especially suitable bioactive component is xerogel. By 
xerogel is meant a dried gel, which is described in the 
literature (9, 11). Silica xerogels are partly hydrolyzed 
20 oxides of silicon. Hydrolyzed oxide gels can be produced by 
the sol-gel process, which has been used for the production 
of ceramic and glass materials for many years. 

The sol-gel process is based on the hydrolyzation of metal 
alkoxides and a subsequent polymerization of the metal 

25 hydroxides. As the polymerization reaction progresses, 

additional chains, rings and three-dimensional networks are 
formed, and a gel, made up of water, the alcohol of the 
alkoxy group and the gel itself, is formed. The sol may 
also contain other additives, such as acids or bases, which 

30 are used for the catalysis of the reaction. If the alcohol 
and the water are removed thereafter from the gel by 
washing and evaporation, a xerogel is obtained. 
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The polymerization of the remaining OH groups continues 
during the drying. The polymerization continues for a long 
time even after the gelation. This is called aging. The 
further the polymerization proceeds, the more stable the 
5 gel or xerogel becomes. At room temperature, however, the 
polymerization will in fact stop after an ageing of a few 
weeks, and the xerogel will not become completely inert.- If 
the temperature is raised, the polymerization reaction can 
be accelerated, the gel becomes more stable and shrinkage 
10 occurs, and internal stresses appear in the xerogel -to an 
increasing degree. 

If the temperature is raised to a sufficiently high level 
(approx. 1000 °C for monolithic silica gels), the gel or 
xerogel becomes a pure oxide and no OH groups are left in 
15 the material. However, in the case of pure oxides, the 

dissolution reaction rate is very slow. If the oxides are 
added together with other ions, such as Na, K, Mg or Ca, 
the reaction rate can be greatly increased. By these 
methods, bioactive glasses have been developed, which can 
20 form a silica gel layer on their surface through an ion ex- 
change reaction. The dissolution rate of these glasses is 
controlled by the composition and surface area of the 
glass. The glasses are melted at a temperature above 
1000 °C. Therefore it is not possible to add any organic 
25 compounds to the structure of the glass. 

Sol-Gel glasses have been used, for example, as implant 
materials, in particular in bone implants (11). These 
materials do not dissolve completely. The material is 
formed at a high temperature, and organic compounds cannot 
30 be incorporated into its structure. Klein et al. described 
that when used as implants, silica gels sintered at a lower 
temperature caused a strong cell reaction in macrophages 
and in lymphocytes. 
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Plastic component 

The thermoplastic component used in the present invention , 
plasticizable within a temperature range of - 
10 °C...+100 °C, may be to a varying degree biodegradable 
5 or even bioactive. The term "biodegradable" covers all 

plastics which are not inert. This group thus includes all 
bioresorbable plastics (degrading under the action of 
cells) and biodegradable plastics (degrading under the 
effect of mere moisture). The use of the composite will 
10 determine whether it is expedient to select a plastic which 
is biodegradable at a slower or a more rapid rate. 

Biodegradable types of plastic are suitable for most of the 
uses of the composite according to the invention. A 
biodegradable plastic component disappears at the desired 
15 rate or is biologically nearly stable, and thus promotes 
the tissue contact and the desired tissue reaction of the 
bioactive component. The plastic of the composite thus 
keeps the particles of the bioactive component in place but 
does not necessarily prevent the bioactive material from 
20 coming into contact with tissue fluid. Since the plastic 
component gradually decomposes, the water of the tissue 
fluid comes through diffusion into contact with the 
bioactive component. Likewise, ions and any active 
additives released from the bioactive material can become 
25 diffused through the plastic and affect their surroundings . 
The surrounding and/or contact surface tissue grows, 
filling the void formed by the degradation of the plastic. 
Ultimately the plastic component decomposes completely and 
releases any possibly remaining bioactive component. 

30 Alternatively, the plastic component may be nearly inert. A 
composite made up of a bioactive material and an inert 
plastic may, if the composite possibly breaks, repair 
itself in the physiological environment under the 
mineralizing affect of the bioactive component. 



WO 99/02201 



PCT/FI98/00572 



6 

The suitable plast.icizat.ion temperature (= setting tempera- 
ture) of the plastic used is also determined according to 
the intended use of the composite. Plastics plasticizable 
within a temperature range of 5 °C...70 °C, preferably 
5 37 °C...55 °C, are suited for most of the uses of the 
composite according to the present invention. 

Especially suitable are plastics having a plasticization 
temperature in- the vicinity of body temperature. The 
application of a product in plastic state will thus not 

10 cause thermal damage in the tissue. Also, additives, such 
as proteins, possibly admixed with the composite would 
remain undamaged in connection with the preparation and 
application of the product. If the product implanted in a 
tissue is required to be soft, it is possible to select a 

15 plastic component having a plasticization temperature some- 
what lower than body temperature. Such a product can be 
applied on a hardened form, whereafter it will soften in 
the tissue. 

There are, however, applications in which a very low (down 
20 to 

-10 °C) setting temperature of the plastic is preferable. 
One example is a situation in which it is desired to apply 
a piece or a component therein at a low temperature, 
whereafter the said piece or component is activated as the 
25 temperature rises . 

The plasticization temperature of the plastic component can 
be controlled very precisely, i.e. approx. ±1...±2 °C. 

Relatively slowly setting plastics, that is plastics which 
are moldable for a certain period, i.e. approx. 
30 15 S...30 min, preferably 1...10 min even after the 
temperature of the plastic has been lowered to a 
temperature considerably lower than its setting 
temperature, are especially suitable. By the term 
"considerably lower" is meant here several degrees Celsius, 
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suitably approx. 10... 15 °C. If the plastic is of a slowly 
setting type such as this, it is not very critical even if 
its setting temperature is relatively high, i.e. above 
55 °C. The behavior described above is based on the slow 
5 mobility of large polymer molecules, in which case setting 
will occur for some time after the piece has cooled down. 

Physiologically suitable types of plastic, plasticizable at 
a relatively low temperature, are previously known. 
Poly(ortho esters) (J. Heller, (6, 7)) can be mentioned as 
10 an example. 

Structure of the polymer: 

An especially suitable plastic is a copolymer which is 
based on structural units such as a hydroxy acid; a hydroxy 
acid derivative such as a cyclic ester of a hydroxy acid, 
15 i.e. lactone; or a cyclic carbonate, such as trimethyl 
carbonate. D- and DL-lactic acids; L-, D- and DL- 

lactides; and epsilon-caprolactone are highly suitable 
structural units . 

A plastic component which is a copolymer based on L-lactide 
20 and epsilon-caprolactone structural units is especially 
suitable for this use. The composition of the copolymer 
typically varies within the range 

epsilon-caprolactone 

= 2/98 . . . 98/2 

25 L-lactide 

and the molar mass M of the copolymer is within the range 
10,000. . .1,000,000 g/mol, suitably within the range 
30,000. . .300,000 g/mol. 

It is known that the polymerization of lactones and cyclic 
30 carbonates can be carried out by catalytic ring-opening 

polymerization. The catalyst used may be selected from many 
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known options, and is typically an organometallic compound, 
such as tin (II) octoate or triethylaluminum. The control of 
the molar mass in polymerization of this type is based on 
an optimal selection of the polymerization temperature and 
5 period. It is also possible to use so-called initiator 
compounds, some typical examples of which are multivalent 
alcohols such as glycerol. In the polymerization, the 
polymer chains grow, starting from the -OH groups of the 
initiator compound, in which case the molar mass will be 
10 the lower the larger the amount of initiator present. It is 
possible to affect the shape of the forming molecule by the 
structure of the multivalent alcohol. Thus, for example, 
glycerol forms a comb-like molecule and pentaerythritol a 
star-like molecule. Polymerization which opens the lactone 
15 ring is described in, for example, literature reference 
(8). 

The above-mentioned L-Lactide/epsilon-caprolactone 
copolymers based on hydroxy acid structural units are 
described in patent application No. Fl 965067. 

20 The control of the melting temperature of the plastic com- 
ponent, i.e. the polymer material, intended for the 
composite according to the invention is based on one hand 
on the selection of the monomer ratio in the initial 
substances and on the other hand on the control of the 
25 molar mass in the copolymerization . Both of these factors 
together affect the melting temperature of the copolymer 
obtained, and thus only certain combinations produce the 
desired result. An example of such a composition is a 
copolymer which contains poly-L-lactide 20 % by weight and 
30 6-caprolactone 80 % by weight. If the molar mass of this 
copolymer is approx. 30,000 g/mol, typically a melting 
temperature of approx. 4 0 °C is obtained. If, however, the 
molar mass of the said copolymer is approx. 300,000 g/mol, 
a melting temperature of approx. 48 °C is obtained. By the 
35 control of the molar mass and the composition, a material 
with a melting temperature anywhere within the range 
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-10 °C...+100 °C is obtained. 

In many applications, it is desired that the implant 
material degrades in a controlled manner, or reversely, has 
mechanical properties that remain stable for at least a 
5 certain period. The first stage in the biodegradability of 
the polymers of the present type is hydrolysis which cuts 
down the polymer chains until the molecule size is at a 
level at which the enzymatic functions of the body are 
capable of converting the degradation products into 
10 compounds natural for the body. 

In terms of the degradation rate, the hydrophilicity of the 
polymer is crucial. Thus, in the copolymers being discussed 
it is possible to control their hydrolytic degradation rate 
by controlling the monomer composition, and thereby also 
15 hydrophilicity, and this, in accordance with what has been 
stated above, directly affects the degradation of the 
material in the body. 

In terms of the invention, it is essential that, if the 
composition of the material is solely or almost solely €- 
20 caprolactone, the balance being, for example, L-lactide, 

DL-lactide, D-lactide or dimethyl carbonate, the polymer is 
almost stable in the body, or degrades very slowly, 
typically in the course of a number of years . 

By the selection of the monomer composition and the simul- 
25 taneous control of the average molar mass of the copolymer 
by means of the preparation parameters, it is possible to 
exploit the previously known good biocompatibility of 
polyhydroxy acids. On the other hand, a waxy version of the 
copolymer material according to the invention can be 
30 rendered very rapidly degradable by controlling of the 
average molar mass and the monomer composition, as 
presented above. In this case the degradation period in the 
body is typically from a few days to a few weeks. 
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The degradation rate of a copolymer which contains poly-L- 
lactide and €-caprolactone can be controlled by means of 
the composition, so that when the lactide content is above 
60 % by weight, the polymer degrades within a period of 
5 less than one month and when the lactide content is below 
20 % by weight the degradation period is more than half a 
year. The degradation rate can be adjusted steplessly 
between these values by the control of the composition. 

The compression resistance of a plastic component in solid 
10 state is more than 10 Mpa and its tensile strength at break 
more than 10 Mpa. The material is plastic or rubbery. 

Composite 

The plastic component and/or the bioactive component of the 
composite according to the invention may also contain one 

15 or more additives . Examples which can be mentioned of such 
additives include the elements Ca f Na, P, B, Al, Zn, K, F s 
Si, Mg, CI and Ti and their compounds such as oxides; 
drugs, proteins, proteoglycanes , sugars, growth factors, 
hormones, enzymes, collagen and antioxidants. It is, of 

20 course, the use of the composite that determines the 
selection of the additive or additives . 

The composite according to the invention may form a dense 
or porous piece. The desired composite structure is 
obtained by the control of the ratio of the plastic 

25 component to the bioactive component. The mixing ratio of 
the plastic component to the bioactive component can be 
controlled within quite wide limits, i.e. the concentration 
of the bioactive component may vary within a range of 
1...98 % by weight of the composite. If the concentration 

30 of the bioactive component is very high, a composite 

structure is obtained in which the plastic component forms 
a binder between the particles of the bioactive component. 
In this case a rigid composite resembling a sugar lump is 
obtained. If the concentration of the bioactive component 
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is lower, i.e. less than 60 % by weight, a plastic-like 
composite is obtained which may be soft or resilient when 
so desired. 

The composite may be, for example, a coating, membrane, 
5 net, thread, fiber, powder, or a piece such as a plate, a 
bead, a tube, a nail, a rod or an adhesive. 

The composite according to the invention may also be 
prepared in connection with its use, immediately before it 
is being placed in a tissue {for example, a bone or a 
10 tooth). In this case the composite is prepared by "melting" 
the plastic component and the bioactive component together. 

On the basis of the composite according to the invention, 
it is also possible to prepare a multi-layer composite, 
such as a multi-layer membrane, so that the plastic 

15 components of the different layers plasticize at different 
temperatures . A multi-layer composite may also be made up 
of different layers in which the biodegradability of the 
plastic components is different. The surface layer, or part 
of the surface layer (one side, one edge area) of an 

20 implant made from a multi-layer composite may thus be more 
rapidly or more slowly biodegradable than the deeper layers 
of the implant. 

The composite according to the invention may also contain 
holes or channels . Optionally- it is also possible to make 
25 so-called nutrition channels in the composite during an 
operation as the composite is being installed. 

Applications : 

The composite according to the invention can be used for 
preparing products suited for various uses , some examples 
30 being the following groups: bone or cartilage applications, 
tooth and jaw applications , cartilage coatings and soft 
tissue applications. Bone applications include, for 
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example, bone or cartilage filling material, a product 
intended for repairing long bones, a plate for repairing 
the back of the eye or facial bones, bone cement, an 
adhesive for joining the product to a tissue or tissues, an 
5 implant coating, a piece for repairing the vertebral 
column, and a skull plate. Examples of tooth and jaw 
applications include temporary tooth filling material, tem- 
porary or permanent tooth root filling material, a 
parodontal product, a product to be installed in the cavity 
10 remaining after the extraction of a tooth, tooth cement, 
temporary tooth cement, temporary- crown material, tooth 
implant coating, occlusion index rail, surgical paste and 
template material, which may be, for example, a paste, ring 
or thread which is placed in the gingival pocket. A tissue 
15 guiding membrane or tube which is applicable to bone, tooth 
or soft tissue areas can also be mentioned. Further 
applications include protective cloth, wound dressing, 
adhesive tape, and a carrier for active agents and other 
biological structures (autogenic and allogenic bone) and 
20 for drugs. 

The suitable composite or composites are selected according 
to the use of the final product. 

As to the bioactive component, it can be noted that a 
composite based on bioactive glass is especially well 
25 suited for products which are hoped to promote 

mineralization (filling materials, tooth coatings, bone 
fillings, etc.) or which are hoped to form bone bonds . for 
the reconstruction of bone deficiencies (bone fillings, 
bone cements, various implants, etc.). Composites based on 
30 a bioactive gel are especially well suited for final 

products the purpose of which is to release an active agent 
(for example, growth factor, hormone, cytostatic, etc.) for 
the treatment or prevention of a disease. A gel-based 
composite is also suitable for use in applications in which 
35 mineralization and the formation of bone bond are 

desirable. A gel-based composite is also suitable for the 



WO 99/02201 



PCT/FI98/00572 



13 

reinforcement of products (the use of gel fibers for the 
reinforcement of plastic, bone pins, bone nails and bone 
screws, membranes, tendon tissue, filling materials, bone 
fillers, etc.). 

5 The plastic materials may be plastic or rubbery, and their 
areas of use are divided so that the plastic-like materials 
will be used mostly for filling purposes and the rubber- 
like ones mostly for release purposes. Of course, again all 
types of blends are possible, and the selection of the 
10 plastic is mostly determined on the basis of the mechanical 
requirements . 

Bone filler material to be used for the treatment of a 
fracture of an articular condyle can be taken as an example 
material. In the treatment of a condyle fracture, the 

15 material is required to have sufficient mechanical strength 
in order for it to be able to support the cortical bone 
during the healing process. It must be moldable to fill a 
cavity in the porous bone. It must release inorganic and/or 
organic compounds promoting bone growth and mineralization 

20 for at least the duration of the healing process . Another 
example is the fracture of a long bone. In the treatment of 
the fracture, the material can be used for attaching 
(gluing) the bone ends in the fracture to each other. A 
third example is the attaching of small fractured fragments 

25 to the parent bone in, for example, a cartilage fracture. 

Owing to the requirements presented above, the polymer 
matrix of a composite material must be plastic and melt to 
fluid state at approx. 42 °C. Its degradation time should 
in general be approx. 1-6 months, depending on the target 

30 1-3 years. The other component of the material must be a 
sol-gel-produced Ca,P-containing xerogel or a bioactive 
glass in a granular or fibrous form, in an amount of 
approx. 60 - 70 % by weight of the material; this promotes 
the mineralization of the bone and the bonding of the bone 

35 to the material. A third component may be a sol-gel- 



WO 99/02201 



PCT/FI98/00572 



14 

produced xerogel which contains bone growth factor, 
promoting bone regeneration in a bone cavity or other bone 
deficiency. 

The following table (Table 1) shows the requirements set on 
5 a composite according to the invention as a function of the 
drug form: 

Table 1 





injectable 


implantable 


needle-like 
rod-like 


polymer matrix 


rubbery 


plastic or rubbery 


plastic 


melting 
temperature 


polymer melts at 45° C 
viscosity low 


melting temperature 
dependent on the drug 


melting temperature 
dependent on the 
drug 


gel 


spray-dried beads 


particle, fiber or 
monolith, depending on 
the shape of the piece 


fiber 



PREPARATION EXAMPLES 
Example 1 
10 Preparation of a matrix polymer 
Chemicals used: 

The copolymers were prepared from G-caprolactone monomer 
(€-CIi), > 99 % pure, Fluka Chemika No. 21510, batch 
335334/1 794, and D,L-lactide (D,L-LA), Purac, batch 
15 DF386H. The catalyst used was tin (II) octoate (Stannous 2- 
Ethylhexanoate ; SnOct), 95 % pure, Sigma No. s-3252, batch 
112H0248. The initiator used was glycerol, 99.5 % pure, 
Fluka BioChemika No. 49767, batch 42489/2 1094. 

Purification and storage of the chemicals used: 
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There were molecular sieves (added on February 15, 1995) 
present in the G-caprolactone used, and the bottle was 
stored, protected from light, at + 23 °C. 

The D,L-lactide was purified by recrystallization from 
5 toluene (b.p. 110 °C) at a mass ratio of 1:2 

toluene/lactide . The lactide dissolved in hot toluene was 
poured from a round-bottomed flask into a beaker. The 
lactide dissolved in toluene was allowed to recrystallize 
overnight at +23 °C. After filtration (medium- rapid filter 
10 paper) the crystallized lactide was dried under a lowered 
pressure for 4 d at +40 °C, the pressure being 4 mbar. The 
same steps were repeated. Thus, a twice recrystallized 
D,L-lactide, stored in an exsiccator in a refrigerator at 
+4 °C, was used in the polymerization runs. 

15 The stannous octoate and glycerol were used as such. They 
were stored protected from light at +23 °C. 

Preliminary preparations for the polymerization: 

On the previous evening the lactide to be used for the 
polymerization was placed in a vacuum chamber at +40 °C 

20 under a pressure of 4 mbar. The two-section reactor (volume 
approx. 0.7 1) required for the polymerization was 
assembled. In connection with the assembling of the 
reactor, the condition of the teflon seal of the reactor 
was checked. The proper closing -of the upper and lower 

25 sections of the reactor was ensured by using a closing 

device made from steel wire. Tap grease was applied lightly 
to the inside upper surfaces of the ground joints of the 
reactor. 

Polymerization : 

30 The oil bath used for the heating of the reactor was 
adjusted to 140 °C. The temperature of the oil varies 
during polymerization by 5 °C above and below the setting 
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value. First, approx. 10 g of the lactide was weighed into 
a small beaker (precision 0.0001 g). The stannous octoate 
and the glycerol were weighed and pipetted over the lactide 
by using a Pasteur pipette. Thereafter the beaker with its 
5 contents was poured into the lower section of the reactor. 
The rest of the lactide was weighed by using another 
balance (precision 0.01 g). The 6-caprolactone was either 
poured or pipetted over the lactide. 

A magnetic stirrer was added to the reactor before the 
10 closing of the reactor halves. The reactor was placed in a 
bath, and the stirring rate was set at 250 min -1 . The 
reactor was rinsed with argon (Aga, quality grade S, 
99.99 %) for approx. 15 min. The argon was directed into 
the reactor via a glycerol lock. Finally the outer surface 
15 of the reactor was lined with a foil. The stirring rate was 
reset at 125 min' 1 when the forming copolymer began to 
become more viscous . 

Copolymers prepared and their analysis: 

Table 2 shows a summary of the G-caprolactone/D,L-lactide 
20 (€-CL/D,L-LA) copolymer! zat ion runs and the results of the 
product analyses. In all of the polymerization runs the 
temperature was 140 °C and the polymerization time 24 h. 

The molar mass values of the obtained copolymers, 
determined by gel permeation chromatography GPC, shown in 

25 Table 2, are the number-average molar mass Mn, the weight- 
average molar mass M*, and polydispersity PD, obtained as 
the ratio 1^/1^ of the above values. The same Table 2 shows 
the melting temperatures T m , determined by differential 
scanning calorimetry (DSC), of the polymerization products 

30 obtained. 



WO 99/02201 



PCT/FI98/00572 



Table 2 



Example 


e-CL/ 

D,L-LA- 

ratio 


SnOct- 

conc. 

mol/mol 


Glycerol 

cone. 

mol/mol 


1ST 

Win 

10- 3 g/mol 


•srj- 
M w 

10* 3 g/mol 


1 


100/0 


0,0001 


0,005 


45 


60 


2 


80/20 


0,0001 


0,005 


40 


60 


3 


100/0 


0,0001 


0,25 


4,3 


5,2 


4 


60/40 


0,0001 


0,001 


20 


40 



Properties of the polymer: 

Table 2 shows typical product polymers and their 
properties . 

5 GPC determinations : 

In the determination of the molar mass values by means of 
GPC, the samples were prepared by dissolving 15 mg of the 
sample in 10 ml of chloroform. The columns used were 
columns of Polymer Laboratories Ltd, having a pore size of 

10 10 z - 10 5 A. The samples were analyzed by using an RI, i.e. 
refraction index, detector manufactured by Waters, the run 
time being 55 min at a flow rate of 1 ml/min. For the 
determination of the molar masses of the samples, an 
experimental calibration curve plotted by means of the 

15 polystyrene standards (PS) of Polymer Laboratories Ltd was 
used. Since experimental a-values and K-values of the Mark- 
Houwink equation are not available for the copolymers, the 
molar masses in Table 2 are not the absolute molar masses 
of the samples but relative values , compared with the PS 

20 standards. 

DSC determinations : 
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In the DSC determinations, a sample of 5 - 10 g was heated 
at a rate of 10 °C/min in the calorimeter cell. In order to 
obtain the same thermal history for all of the samples, the 
samples were heated above their melting temperature, to a 
5 temperature above +80 °C, and were cooled to approx. - 

50 °C. The T m values, shown in Table 2, were registered from 
the curve of the second heating. 

Example 2 

Preparation of a composite material 

10 An amount of 20 g of a polymer prepared according to 

Example 1 was taken. An amount of 20 g of a bioactive glass 
(type S53P4, reference 10) having an average particle size 
of 300 um was taken. The components were poured into the 
Kneteter mixing head of a Brabender Co-Kneader apparatus, 

15 where the rotation speed was 50 rpm. The temperature of the 
Kneteter head had been set at 55 °C, and the mixing time 
was 15 min, whereafter the mixing head was opened and the 
homogenized material was recovered in a molten state. 

The final product obtained was a homogeneous composite 
20 material having a bioglass content of 50 % by weight. The 
composite was stored in a gas-tight vessel under nitrogen 
shield gas. 

The above embodiments of the invention are only examples of 
the implementation of the idea according to the invention. 
25 For a person skilled in the art it is clear that the 

various embodiments of the invention may vary within the 
claims presented below. 
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CLAIMS 

1. A composite intended for medical use, in particular 
surgical or therapeutic use, characterized in that it 
comprises 

- a thermoplastic component plasticizable within the 

5 temperature range -10 °C...+100 °C, which is substantially 
made up of hydroxy acids and structural units derived from 
hydroxy acid derivatives, and the molar mass of which is 
within the range 10,000 - 1, 000, 000 g/mol, and which 
degrades in the body typically within a period ranging from 
10 a few days to several years, and which in its solid state 
is a mechanically strong plastic or rubbery material, and 

- a bioactive component, which is a bioactive glass, a bio- 
active xerogel, a bioactive ceramic material, coral or a 
coral-based product, or a bioactive glass ceramic material. 

15 2 . The composite according to Claim 1 , characterized in 
that the plastic component is plasticizable within the 
temperature range 5 °C...70 °C, preferably within the 
temperature range 37 °C...55 °C. 

3. The composite according to Claim 1 or 2, characterized 
20 in that the plasticized plastic component remains moldable 
for a certain period even after the temperature of the 
composite has been lowered to a temperature which is 
considerably lower than the setting temperature of the said 
plastic component. 

25 4. The composite according to Claim 1, 2 or 3, 
characterized in that the plastic component is 
biodegradable in a controlled manner within the time range 
1 week - 3 years . 

5. The composite according to Claim 4, characterized in 
30 that the structural unit is an L-, D- or DL-lactic acid? an 
L-, D- or DL-lactide; or epsilon-caprolactone . 



WO 99/02201 



PCT/FI98/00572 



6. The composite according to Claim 5, characterized in 
that the plastic component is a copolymer based on 
structural units of L-lactide and epsilon-caprolactone . 

7. The composite according to Claim 6, characterized in 

5 that the composition of the copolymer is within the range 

epsilon-caprolactone 

= 2/98 . . . 98/2 

L-lactide 

8. The composite according to Claim 7, characterized in 
10 that 



epsilon-caprolactone 
= 4 

L-lactide 



20 



9 



The composite according to Claim 8, characterized in 
that the molar mass of the copolymer is approx. 30,000 - 
300,000 g/mol. 

10. The composite according to any of the above claims, 
characterized in that the bioactive component is present a 
separate particles in the composite. 

11. The composite according to Claim 10, characterized in 
that the separate particles are fibers, porous pieces, 
microparticles or glass beads. 

12. The composite according to any of the above claims, 
characterized in that the plastic component and/or the 

25 bioactive component contains one or more additives. 

13. The composite according to any of the above claims, 
characterized in that the plastic component and the 
bioactive component form a dense piece. 



14. The composite according to any of Claims 1-12, 
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characterized in that the plastic component forms a porous 
piece . 

15. A blend intended for the preparation of a composite ac- 
cording to any of Claims 1-14, characterized in that the 

5 plastic component and the bioactive component in the blend 
are in powder form. 

16. A coating, membrane, net, powder, fiber, thread, 
adhesive, or a piece such as a plate, bead, tube, nail or 
rod, prepared from the composite according to any of Claims 

10 1 - 14. 

17 . The use of a composite according to any of Claims 1 - 
14 for the preparation of any of the following products: 

- a bone or cartilage application, such as a filling 
material for bone or cartilage, a product intended for the 

15 repairing of long bones, a plate for the repairing of the 
back of the eye or facial bones, a bone cement, an adhesive 
for joining the product to a tissue or tissues, an implant 
coating, a piece for the repairing of the vertebral column, 
and a skull plate, 

20 - a tooth or jaw application, such as a temporary tooth 
filling material, a temporary or permanent tooth root 
filling material, a parodontal product, a product to be 
placed in the cavity left by an extracted tooth, a tooth 
cement, a temporary tooth cement, a temporary crown 

25 material, a tooth implant coating, an occlusion index rail, 
a surgical paste, and a template material, which may be, 
for example, a paste, ring or thread to be fitted in a 
gingival pocket, 

- a cartilage coating, 

30 - a tissue guiding membrane or tube, 

- a protective cloth, a wound dressing, or an adhesive 
tape, 

- a carrier for an active agent, such as a drug, or for 
some other biological structure. 



I 
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information as defined in Title 37, Code of Federal Regulations, §1.56, which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 



(Application Serial No.) (Filing Date) (Status) y ^ 

I hereby appoint as principal attorneys James C. Lydon, Reg. No JS0J38^_and Kevin C. Brown, Reg. No. 32,402. 

Please direct all communications to the following address: James C. Lydon 

Lydon & Brown, LLP 
lQO-Daingerfield Road 
-Suite 400 

Alexandria^- VA—223 14 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements ma^eopardize the validity of the application or any patefnt issued thereon. 

Full name of first or sole inventor: AHQ_, — &-L0-ai^— , ^ 

Residence: Yl i op i s t onkatu 1 A 9, FIlyT-20100 Turjoi jFlQl and 

Citizenship: Finnish 



Full nine of second ^^thvlT) - &EP.BA-LA . J ukk a 

lnve.,or- S |~ f afc .fe&jjgg 

Residence: Makipejlontie AS C, FIN-00520 HejUsinki . Finland./ 

.Citizenship: Finnish . 




Post Office Address: same as residence 



^ 67) 

Full name of third inventor: YL I "^^^^j— 



Inventor's Signature: X & —Li . p==j^T " 

Residence: Varttinakatu 17, FIN-20660 LittjUJ xen. FinlandP />)C 

Citizenship: Finnish . . . 

Post Office Address: same as residence . _ 



Full name of fourth inventor: 
Inventor's Signature: ^--^ 




Residence: Vitanovantie FIN-20qQ0 Turku, Finl and 

Citizenship: Finnish 
•Post Office Address: same as residence 



^rJ Date: ^ll^tf 



■JfcAjtSA-SflTTiNI, Ilkka_— 

Full name of fifth inventor: _ 3— 

V^?^>=^ Date: ^1 . f .%QT tJ^ 

Inventor s Signature: S _ ~ T-~TX/ 

Residence: Ko Ydenpuno i ankatu 2 B 5, FTW-2050n Turku. Finland tzLLJk 

Citizenship: Finnish . ■ 

Post Office Address: same as residence . — . 



Full name of sixth inventor 

Inventor's Signature: 

Residence: 

Citizenship: 

Post Office Address: same as residence 

Full name of seventh inventor: 

Inventor's Signature: . 

Residence: 

Citizenship: — 

Post Office Address: same as residence 

Full name of eighth inventor 

Inventor's Signature: 

Residence: . 

Citizenship: 

Post Office Address: same as residence 



Date:. 



Date:. 



